This study was conducted to evaluate the effect of loading frequency on treatment performance of faecal sludge (FS) with drying beds planted with Echinochloa pyramidalis. 
INTRODUCTION
Faecal sludge (FS) is the sludge that accumulates in onsite sanitation technologies (e.g., septic tanks, pit latrines). Planted drying beds appear to be a very promising technology for FS treatment in low-income countries. They can be loaded directly with untreated sludge (Molle et al. ) and produce treatment end products that can be sold to offset operation costs, including animal fodder and organic
MATERIALS AND METHODS

Study location
This study was conducted at a pilot-scale research facility at the Cambérène FS and wastewater treatment plant in Dakar, Senegal. Dakar has a semi-arid climate with rainy periods during July to October (500-600 mm per year).
The average temperature varies between 22 W C and 25 W C from December to April and from 27 W C to 32 W C from
May to November. The FS used in this study was obtained from a storage tank with a mechanical mixer at the treatment plant, where vacuum trucks that collect FS from septic tanks discharge.
Experimental design
The pilot-scale planted drying beds consisted of 200 litre barrels (90 cm tall and 50 cm diameter) filled with a 10 cm layer of coarse gravel (10-40 mm), a 10 cm layer of fine gravel (5-10 mm) and a 15 cm layer of sand with a d 10 of 0.35 mm, a d 60 of 0.75 mm and a uniformity coefficient of 2.14. A 4 cm diameter perforated PVC pipe was placed at the bottom for drainage, with a slope of 2.5 W . The barrels were then planted with nine cuttings/m 2 with at least two inter-nodes of E.
pyramidalis.
The study was conducted over a 15 month period, including three months for acclimatization, nine months for loading the beds 23 times, and three months for stabilization of the accumulated sludge layer. The acclimatization period consisted of watering first with tap water for 15 days and then effluent from FS settling tanks for 15 days.
The sludge load was then gradually increased to 50, 100
and 150 kg TS/m 2 *year over a two month period to allow the plants to adapt to FS loadings. At the end of the study period, the sludge was left for three months with no loading for stabilization.
During the study period, the barrels were loaded weekly Moodley et al. () . 10 g were collected and suspended in ammonium bicarbonate, filtered and then placed in centrifuge tubes. The tubes were centrifuged at 3,000 rpm, the supernatant was removed and the pellet resuspended. The tubes were centrifuged again at 2,000 rpm and then filtered with 20 μm, the amount remaining on the filter was placed in centrifuge tubes. The tubes were centrifuged again at 3,000 rpm for 3 minutes. The supernatant was removed and eggs were counted on glass microscope slides.
Statistical analyses
Statistical analysis was performed with a Kruskal-Wallis one-way analysis of variance test, followed by a multiple 
RESULTS AND DISCUSSION
FS characteristics
The characteristics of the incoming FS are reported in (a) did not observe any differences in measured parameters with loading rates of 100, 200 or 300 kg/m 2 *year.
Effect of loading frequency on plant growth
As shown in Figure 1 , 2X or 3X loading frequencies increased plant density and stem diameter. At the end of the study, plant densities were 211, 265 and 268 plants/m 2 respectively for the loading frequencies 1X, 2X and 3X, and the stem diameters were 8, 11 and 11 mm. 1X was significantly lower than 2X and 3X ( water availability compared to natural growing conditions 
Drainage of leachate
The volume of leachate collected was between 28 and 58% by volume of the sludge loaded. On average, over the entire study, 51% of the volume drained as leachate for 1X, 43% for 2X and 44% for 3X (which was 6, 4 and 3 days, respectively). In the 1X loading frequency a larger volume of leachate drained through the bed, and at a faster rate, which means there was a lower residual water content in the bed (Molle et al. ) . This explains the lower plant growth in the 1X treatment, and also the 12-13% increased volume of liquid that left the system as evapotransporation in the 2X and 3X loading frequencies due to increased plant growth.
Qualitative observations were made regarding how many days there was free water on the bed surface during the 7 days following loadings. If free water was observed after 7 days this was recorded as 'clogging'. Clogging occurred more frequently during the first 6 weeks of the study, and then again during the operations immediately following plant harvesting. Although larger volumes of leachate were collected with the 1X treatment, there was also more clogging (9, 5 and 3% for 1X, 2X and 3X, respectively). The application of larger volumes of sludge can result in more frequent clogging, as the SS settle and form a cake on the surface of the bed which increases resistance to infiltration (Dominiak et al. a, b) . This 'specific cake resistance' increases with volumetric load due to cake compression and increased 
Leachate characteristics
In this study, loading frequency had no effect on the removal of TS, TSS and COD, but did result in increased nitrification. These results indicate that if increased nitrification and phosphorus removal are treatment goals, then beds should be operated with more frequent loadings.
Characteristics of accumulated sludge
The accumulated sludge layer was between 10 and 12 cm.
No differences in stabilization among 1X, 2X and 3X treatments were observed. The averages for all three treatments of the stabilization metrics are reported in Table 2 . The C:N was 9, slightly less than the threshold of 12 for stabilized compost (Bernal et al. ) and is also similar to the value of 11 observed in field studies in Cameroon (Kengne et al. a) . The NH 3 :NO 3 À was 0.3, higher than the value of The value of nutrients in the accumulated sludge are presented in Table 2 • splitting the load into increased loading frequencies resulted in increased plant growth and larger volumes of liquid lost due to enhanced evapotranspiration;
• leachate from FS drying beds requires further treatment prior to discharge to the environment;
• planted drying beds need a minimum of three months of acclimatization, or transition to full-scale loading, prior to loading with FS;
• percentage removals of TS, TSS and COD were consistent even with highly variable hydraulic loadings;
• increased frequency of sludge loading resulted in increased nitrification but did not have an effect on rates of the accumulated sludge stabilization;
• FS requires storage periods longer than three months or additional treatment to achieve full stabilization and helminth eggs inactivation.
